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(54) System and method for lost olookios a dlgUal display In a multiplo concurrent display 
system 

(57) A clocking system including a line clock system 
for generating normal line clock pulses to the digital dis- 
play during the period when the image is being ren- 
dered and for generating fast line clock pulses to the 
digital display during the vertical blanking period to 
address the otherwise unaddressed vertical region. The 
clocking system further includes a pixel clock system for 
generating normal pixel clock pulses to the digital dis- 
play during the period when the image is being ren- 
dered and for generating fast pixel clock pulses to the 
digital display during the horizontal and vertical blanking 
periods to address the otherwise unaddressed horizon- 
tal and vertical regions. 
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Description 

RAHKfiROUNP HF TME INVENTION 
^ PioiH nf the Invention 

This invention relates generally to graphics display 
controllers, and more particularly to a system and 
method for last clocking a digital display in a multiple 
concurrent display system. 

r> nocrri ptinn nf the Ba ckoround Art 



Certain conventional graphic controllers can control 
the simultaneous display of a single image on two differ- 
ent monitors. For example, an image may be displayed 
on a Liquid Crystal Display (LCD) at the same time it is 
displayed on a Cathode Ray Tube (CRT) or Television 
(TV). FIG. 1 is a block diagram illustrating a prior art 
multiple display system 100 for displaying images con- 
currently on an LCD 105 and on a CRT or TV 110. A 
Central Processing Unit (CPU) 125 based on a compu- 
ter such as a Power Macintosh manufactured by Apple 
Computer, Inc. of Cupertino, CA or such as an IBM 
PC manufactured by the IBM Corporation of Armonk, 
NY, for controlling image processing and other system 
100 functions is coupled via a bus 130 to a typical 
graphics controller 115. Graphics controller 1 15 is cou- 
pled via a bus 135 to video memory 120 for storing and 
retrieving image data, via a bus 140 to CRT or TV 1 10. 
and via a bus 145 to LCD 105. Graphics controller 115 
sends data signals, line clock signals, frame signals and 
pixel clock signals on bus 140 and on bus 145 to oper- 
ate CRT or TV 110 and LCD 105, respectively. Because 
ol a limited bandwidth to video memory 120. graphics 
controller 115 transfers the same image information 
Irom video memory 120 to LCD 105 and to CRT or TV 
110 synchronously. 

Significant problems arise when LCD 105 has a dif- 
ferent resolution than CRT or TV 1 10. TVs adhering to 
the National Television Standards Committee (NTSC) 
standard have an image size of 754 picture elements 
(pixels) by 486 lines and have a scan size of 910 pixels 
by 525 lines. LCDs may have a larger scan size of for 
example approximately 1024 pixels by 768 lines. TVs 
also have very strict timing requirements to which the 
LCD timings must adhere. Since the typical LCD 105 
scan size is larger than the TV scan size, not all of the 
entire LCD is addressed, i.e.. there are 1024—910 = 
114 unaddressed pixels and 768 —525 = 243 unad- 
dressed lines. m 

To run software which implements a typical 640- 
pixel-by-480-line image space, a CRT 110 having a 
scan size of 800 pixels by 525 lines is preferred. Accord- 
ingly using an LCD and the CRT concurrently leaves 
unaddressed regions on the LCD as when using an 
LCD and a TV concurrently. Although some current 
multi-frequency CRTs have variable scan rates from 



which system designers may select to attempt satisfy- 
ing timing requirements for both LCD 105 and CRT 110. 
there are drawbacks to this solution. For example, when 
using scan rates for images which are finer than the dis- 
5 play resolution, the images appear small and do not fill 
up the entire display. For shrunken images to be 
stretched horizontally and vertically, some system 
designers use inter-pixel duplication or inter-pixel inter- 
polation which undesirably alters aspect ratios. 
w FIG. 2 illustrates details of a prior art single panel 
passive or active matrix LCD 1 05 having the dimensions 
of 1024 pixels by 768 lines when receiving image infor- 
mation based on the scan rates of TV 110. LCD 105 
includes a horizontal shift register 205. 1024 selectable 
is latches 210. a 1 x 1024 integral latch 215, 1024 pixel 
drivers 220, a vertical shift register 225. 768 line drivers 
230 and a display 235. Those skilled in the art will 
appreciate that the display 235 regions based on the 
scan rates for a CRT 110 are similar to the display 
20 regions 235 based on the scan rates for a TV 1 10. 

Horizontal shift register 205 receives a pixel clock 
signal at an input terminal SHIFT H and a line clock sig- 
nal at an input terminal IN H - Based on the pixel clock 
signal, horizontal shift register 205 enables a corre- 
25 sponding selectable latch 210 to store incoming pixel 
data signals. For example, horizontal shift register 205 
receives a first pixel clock signal and accordingly ena- 
bles the first selectable latch 210 to store the first pixel 
data signal being retrieved from display memory 120 
30 (FIG. 1). Upon receipt of the next pixel clock signal, hor- 
izontal shift register 205 disables modification of the 
value captured in first selectable latch 210 and enables 
the second selectable latch 210 to capture the next 
incoming pixel data signal. Each selectable latch 210 is 
35 synchronized with the pixel clock signal. This process 
continues until selectable latches 210 have captured a 
line of pixel information. Upon receipt of a line clock sig- 
nal, integral latch 215 stores the line of pixel data from 
selectable latches 210, horizontal shift register 205 re- 
40 enables selectable latches 210 to capture a new line of 
pixel data, and the process is repeated for the next line 
of image pixel data. 

Integral latch 215 passes the captured line of pixel 
data in parallel through pixel drivers 220 to form a line 
45 on display 235. Based on the line clock signal, vertical 
shift register 225 determines which line of display 235 
receives the line of pixel data. Upon receipt of a frame 
signal at an input terminal IN V , vertical shift register 235 
uses the first line driver 230 to enable the first line of dis- 
so play 235 to capture the next line of pixel data. Vertical 
shift register 225 uses the first one of line drivers 230 to 
enable the first line of display 235 to receive the line of 
pixel data. With each successive line clock signal, verti- 
cal shift register 225 disables the previous line and uses 
55 a successive line driver 230 to enable a successive line 
of display 235 to receive the next line of pixel data. If dis- 
play 235 uses interlacing, vertical shift register 235 
shifts by two lines. While the pixel information for a given 
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line is being displayed, horizontal shift register 205 and 
integral latch 215 retrieve and capture the pixel informa- 
tion for the next line. The process is repeated for each 
frame of image information. 

FIG 3 illustrates a timing diagram for rendering an 
image frame on a conventional i024-pixel-by-768-l.ne 
LCD Graphics controller 115 (FIG. 1) generates a 
frame signal indicating the start of an image frame i and 
then generates a line dock signal as a series of 768 line 
clock pulses indicating the receipt of respective lines of 
pixel data in the image frame. After each line clock 
pulse graphics controller 115 generates a pixel clock 
signal as a series of 1024 pixel pulses indicating the 
synchronized receipt of pixel data for respective pixels 
in that line. After receiving the 768th line clock pulse, 
vertical shift register 225 clocks on a new frame pulse 
and repeats the process for the next frame. 

If graphics controller 115 (FIG. 1) applies the scan 
size and timing requirements for a TV 1 10 to an LCD 
105 then display 235 (FIG. 2) renders an .mage 240. a 
horizontal blank region 247 and a vertical blank region 
245 and includes a horizontal unaddressed region 250 
and a vertical unaddressed region 255. FIG. 4 is a tim- 
ing diagram illustrating the generation of blank regions 
245 and 247 and unaddressed regions 250 and 255^ 
Graphics controller 115 generates a frame signal and 
then generates a line clock signal as a senes of only 
525 pulses representing the vertical scan size-S.nce , a 
TV 110 has an image size of 486 lines, only 486 of the 
525 scan lines include data. The remaining 39 scan 
lines represent vertical blank region 245. and the time 
period needed for rendering vertical blank region 245 is 
• termed the "vertical blanking period." Further, since 
each frame on LCD 105 includes 768 scan lines, only 
525 lines out of the 768 LCD scan lines are addressed^ 
. . The remaining 243 lines represent vertical unaddressed 

re9, °A1tef each line pulse, graphics controller 1 15 gener- 
ates a pixel clock as a series of 91 0 pulses representing 
the horizontal scan size. Since a TV 1 10 has an image 
size of 754 pixels, the remaining 156 pixels represent 
horizontal blank region 247. and the time period needed 
to render each line in horizontal blank region 247 is 
. termed the "horizontal blanking period." Further since 
each line on LCD 105 includes 1024 pixels, only 910 out 
of the 1024 pixels are addressed. The remaining 114 
pixels represent horizontal unaddressed region 250. 

A significant problem resulting from using horizon- 
tal shift register 205 and vertical shift register 225 in a 
system supporting unaddressed regions is image echo- 
ing Shift registers 205 and 225 echo duplicate image 
portions to unaddressed regions 250 and 255, respec- 
tively. Thai is, upon receipt of a line clock pulse, conven- 
tional horizontal shift register 205 re-enables the first o 
selectable latches 210 to capture new pixel data without 
disabling the currently enabled selectable latch 210^ 
Similarly, upon receipt of a frame signal, vertical shift 
register 205 re-enables the first line of display 235 to 



display a new line of pixel data without disabling the cur- 
rently enabled line. Thus, in the example of FIG 2. the 
first 114 pixels are echoed in unaddressed pixel posi- 
tions 911 to 1024. and the first 243 lines of pixel data 
5 are echoed in unaddressed lines 526 to 768. 

Therefore, a system and method are needed for 
controlling a digital display such as an LCD dunng the 
horizontal and vertical blanking periods to generate 
image information for the unaddressed portions of the 
io digital display. 



^1 IMM * ° v " c ™ F INVENTION 

The present invention overcomes the limitations 
,s and deficiencies of previous systems by providing a sys- 
tem and method for fast clocking a digital display such 
as a liquid crystal display (LCD), to address potentially 
unaddressed horizontal and vertical regions when using 
raster-scan timing requirements for a display having a 
go smaller scan size such as a CRT or a TV. The clocking 
system includes a line clock system for generating nor- 
mal line clock pulses to the digital display during the 
period when the image is being rendered and for gener- 
ating fast line clock pulses to the digital display dunng 
25 the vertical blanking period to address the otherwise 
unaddressed vertical region. The clocking system fur- 
ther includes a pixel dock system for generating normal 
pixel clock pulses to the digital display during the period 
when the image is being rendered and for generating 
30 fast pixel clock pulses to the digital display during he 
horizontal and vertical blanking periods to address the 
otherwise unaddressed horizontal and vertical regions. 

The clocking system uses a multiplexer having a 
first input terminal connected to receive normal line 
35 clock pulses from a normal line clock, a second input 
terminal connected to receive fast line clock pulses from 
a fast line clock, an output terminal connected to he 
digital display, and a control terminal which enables the 
normal line the normal line clock pulses to pass to the 
40 output terminal during the image rendering period and 
enables the fast line clock pulses to pass to the output 
terminal during the vertical blanking period. 

Further the clocking system uses a multiplexer 
having a first input terminal connected to receive normal 
45 pixel clock pulses from a conventional pixel clock, a sec- 
ond input terminal connected to receive fast pixel clock 
pulses from a fast pixel clock, an output terminal con- 
nected to the digital display, and a control terminal a 
which application of a select signal enables the normal 
so pixel clock pulses to pass to the output terminal during 
the image rendering period and enables the fast pixel 
clock pulses to pass to the output terminal during the 
horizontal and vertical blanking periods. 

For a digital display having N pixels by M lines and 
55 a drfferent display having A pixels by B lines with an 
image size of C pixels by D lines, the speeds of the ast 
line clock and of the fast pixel dock for handing only a 
single pixel per pixel clock pulse are computed accord- 
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ing to the equations 

(N-C)*T HF £(A-C)*T HC ; 

T VF iN*T HF ;and 
(M-D)*T VF S(B-D)*T VC 

where Tmp is the period of a fast pixel clock. T HC * the 
pt -od da norma? Pixel Cod, T VF is the period of afast 
Sne clock and T vc is the period of a norma. I.ne clock. 

dpiff nESC °'PTiniM OF THF DRAWINGS. 

FIG 1 is a block diagram illustrating a typical multi- 
ple concurrent computer graphics display system; 

FIG. 2 is a block diagram illustrating the LCD of 
FIG. 1; 

FIG 3 is an LCD timing diagram illustrating the ren- 
dering of a conventional 1024 pixels by 768 lines 
LCD image frame; 

FIG. 4 is a timing diagram illustrating the generation 
of blank regions and unaddressed reg.ons on the 
FIG. 2 display; 

FIG 5A is a block diagram illustrating a pixel clock 
system of a computer graphics controller in accord- 
ance with the present invention; 

FIG 5B is a block diagram illustrating a line clock 
system of a computer graphics controller in accord- 
ance with the present invention; 

FIG. 6 is a timing diagram illustrating the use of the 
FIG. 5A pixel clock system and the FIG. 5B line 
clock system to render the first 486 lines of a 1024- 
pixel-by-768-line LCD image frame in NTSC TV 
mode; 

FIG. 7 is a timing diagram illustrating the us* .of the 
FIG. 5A pixel clock system and the FIG 5B line 
clock system to render the last 282 lines of a 1 024- 
pixel-by-768-line LCD image frame in NTSC TV 
mode; and 

FIG 8 is a block diagram illustrating the image on 
the LCD resulting from operation of the invention. 

pFTft B F n nFRCR IPTlOM nF ™ F PREFEBBEB. 
FMBODIMENT 

The present invention improves upon the conven- 
tional concurrent multiple display ^^. 10 ° h des ^^ 
above with reference to FIG. 1 by facilitating the concur- 
X of multiple displays. The multiple displays 



include a digital display such as a ^£X£tX 
(LCD) 105. and a display, such as a Cathode Ray Tube 
CRT) or a Television (TV) 110. having a raster-scan 
size smaller than the digital display raster-scan size. 
5 FIG 5A is a block diagram illustrating a pixel clock 

svstem 500 which, in accordance with the present 
7SL. replaces the conventional 
otherwise conventional computer graphics cont olle 
115. Pixel clock system 500 includes a multiplexer 
w (MUX) 525 which receives a fast pixel clock s.gna on 
ne 51 5 from a fast pixel clock 505. a normal pixel dock 
signal on line 520 from a conventional pixel dock 510 
an 9 d a control signal DE P on line 530 frorr > 
540 Based on the control signal DE P MUX 525 passes 
« either the fast pixel clock signal or the normal pixel clock 
signal as the pixel clock output signal on Ime 535. 

During the rasterization of the image region , 24C on 
display 235 (FIG. 2). control logic 540 instructs MUX 
525 to pass the normal pixel clock signal from the con- 
20 ventional pixel clock 510 as the pixel dock output signal 
on .me 535. However, during the horizontal blanking 
period, control logic 540 instructs MUX 525 Jc .pass i the 
?ast pixel clock signal from the fast pixel clock 505 as the 
pixefdock output signal on line 535. The pixel clock out- 
« put signal of pixel clock system 500 replaces the con- 
ventional pixel clock signal applied to horizontal shift 
register 205 and to selectable latches 210 

The fast pixel clock signal clocks the remaining 
selectable latches 210 corresponding to the honzortal 
30 unaddressed region 250 until each remaining selecta- 
ble latch 210 has captured the "blank" data va ue (e_g 
black background). In the FIG. 2 example the fast p£ 
clock signal includes 270 (i.e.. pixel 755 to pixel 1024) 
short pulses during the horizontal blanking period^ 
35 Since the data during the blanking 

to a blank data value, no modification of the data block 

iS " reTsB is a block diagram illustrating a line clock 
system of a computer graphics controller in acco^ance 
40 with the preseni invention. Line clock system 550 
"eludes a multiplexer (MUX) 575 which reives a fast 
line clock signal on line 565 from a fast I.ne clock 555, a 
norma, line clock signal on line 570 frorr , a eonjjjjn- 
line clock 560 and a control signal DEj. on line 580 from 
45 control logic 590. Based on the control s.gna! DE L . MUX 
575 passes either the fast line dock signal or the norma, 
nne clock signal as the line clock signal output on line 

585 Similarly to that of pixel clock system 500 during 
so the rasterization of the image region 240 on display 235 
control logic 590 instructs MUX 575 to pass th, I norma, 
line clock signal from the conventional I.ne clock 561 as 
the pixel clock output signal on line 58* Dunn , the ^ver- 
tical blanking period, control logic 590 instructs 
ss 575 to pass the fast line Cock signal from fast line clock 
555 as the line clock signal output on line 585 The Ime 
clock signal output of line clock system 550 r£~t» 
conventional line clock signal to horizontal shift register 
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205, to integral latch 215 and to vertical shift register 

The fast line clock signal enables the vertical shift 
register 225 to shift through remaining line drivers 230 
Spending to the vertical «"^2j2 
until each display 235 line has d.splayed the blank data 
value In the FIG. 2 example, the fast Hnec^jgn 
includes 282 (i.e.. corresponding to lines 487 to 768 of 
SantSgion^shortpulsesduringthevertcalblank. ^ 

Rrfe is a timing diagram illustrating the use of 
pixel clock system 500 (FIG. 5A) and line doc* system 
550 (FIG 5B) to render the first 486 l.nes of a 1024- 
ofxel-b 768-1 ne LCD image frame in NTSC TV mode. 
McSifSd graphics controller 115 (i.e.. incorporating p.xe. »5 
3S sysL P 500 and ,ine clock system 550) generates 
a conventional frame signal. Since TV 1 0 has .an 
irn age height of 486 lines, the data s.gna. * 
series of 486 data elements, followed by a "blank data 
sS representing the 39 lines of blank reg.on 245_ » 
ScordiSy. line Cock system 550 passes a hne clock 
c£nal as a series of 486 conventional pulses on line 
SiStSST^ the incoming 486 data events, 
andsfnceLCD 105 includes 768 scan lines then passes 
282 Thort pulses during the vertica. blanking penod. * 
The time between successive conventional hne pulses 
\* referred to as the clock period T V c- 

Fo the first 486 lines, since the TV 1 10 image .s 
754 pixels wide, the data signal includes a ser.es of 754 
data Sements followed by a "blank" data s.gnal repre- so 
SngThe 156 pixe. locations of blank region 24^ 
Accordingly, improved graphics controller 115 uses 
pS dock System 500 to pass a pixel dock signal «* 
nut as a series of 754 conventional pulses on l.ne 585 

since LCD includes 1024 pixels per l.ne then passes 
J 70 short P u.ses during the horizontal blanfcng interval 
The time period of a convent.onal P'«> do* refer ed 
to as the period T HC and the time period of a as p.xe, 
clock is referred to as the per.od T HF Accor ™' ™ 
time needed to "fast dock" the 270 p.xels must be less 

m an o lal to the TV horizontal blanking interval, or 
JXfSwhc). Based on this formula, for a con- 
2 NTSC TV pixel clock speed of 45 

28 MHz. the fast pixel clock speed must be greater than 

*°iS. 7Ts a timing diagram illustrating the use of the 
FIG 5A pixel clock system and the FIG. 5B hne dock 
sySem tS render theVast.282 lines of a 
76 Sne LCD image frame in NTSC TV «»«* «J - 
data signal is equal to the blank value for l.nes 487 to 
52? and is nonexistent for lines 526 to 768. modrf.ed 
graphics controller 115 uses pixel clock system 500 and 
S2d£t system 550 to generate 1024 fast pixel clock 
putees for each of the remaining 282 lines durmg the 55 
vertica. blanking period. More P-*^ 
line, pixel clock system 500 uses fast pixel 
generate 1024 fast pixel pulses for captur.ng the blank 



value in each of selectable latches 210. Line dock sys- 
£ r» ies fast line dock 555 to generate short l.ne 
DuTsestor each of the remaining 282 lines. Thus, the 
fast Se dock must have a period T VF greate r than or 
Sa to the time period needed to generate the 1024 
£" Pixel pulses, or T VF * 1024(T„ F ). In order to blank 
S eacn of the rema Jng 282 fines o, LCD 105 the -me 
oeriod needed to "fast dock" the 282 l.nes must be less 
man or eaual to the TV vertical blanking per.od. or 
X>CT° f ^Tvc). « *» conventional TV line dock 
2e d is appSely 28MHz/910 pixels, or 0.03 Mfe 
te the fast line clock speed must be greater than 
Sout 0.217 MHz. If the fast fine dock speed is equal to 
0217 MHz. then the fast pixel clock speed must be 
oreater than 222 MHz. which satisfies the predeter- 
SSd computation that the fast pixel clock speed be 
heater than 48 MHz. Accordingly a fast p,xe clock 
ipeed of 222 MHz and a fast line clock speed of 0.217 
MHz may be used. 

Generally, for an N-pixel-by-M-line LCD 105 and an 
A-pixet by B^ne TV 110 with a C-pixel-by-D-hne .mage 
size the fast line dock speed and the fast pixel clock 
speed are computed from the equations: 



(N-C)*T HF S(A-C)'T HC . 

T VF SN*T HP and 

(M-D)'T VF S(B-D)*T VC . 

FIG 8 is a block diagram illustrating the image 
resulting on the LCD 1 05 display 235. ^JSjS 
ihe FIG 2 display 235 diagram, the 754-p.xei Dy «»o 
STe inSge 240 is still in the top left corner of 1024-p.xe.- 
SSSne LCD display 235. However, horizontal 
blanking region 805 and vertica. ^J^"^ 
now include the previous honzontal blanking reg.on 
24? vertical blanking region 245. honzontal unad- 
£ess£ i region 250 and vertica. unaddressed reg.on 
255 successfully eliminating image echoing. 

4e foregoing description of the preferred embody 
ments of the invention is by way of example , only; and 
other variations of the above-described embodiments 
a^d meTods are provided by the present .nvention 
Although the invention has been descr.bed with refer 
Zee to an LCD-type monitor, the invention can be prac- 
S SI i any digfta. display that has a d^2£ 
and digital docked timings such as a plasma pane dis 
Say S an electroluminescent panel display. Fu the . 
afthough the invention has been descr.bed with ;eg 
ice to an image space in the top le t °f an LCD 

display, the invention can be practiced using a d.sj lay 
witn a central image space. In such a sys em * 
display will have right and left, horizontal and vertical 
SaXfl P-iods and unaddressed regions .and the 
qraph.es controller will include corresponding logic or 
Ss StO and 590. Further, although the .nvention has 
b een?esc"ibed with reference to handling only a s,ng.e 
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pixel per pixel clock pulse, the invention can be embod- 
ied in a system which handles multiple pixels per pixel 
clock pulse. 

Components of this invention may be implemented 
using a programmed general purpose digital computer, 
using application specilic integrated circuits, or using a 
network of interconnected conventional components 
and circuits. The embodiments described herein have 
been presented for purposes of illustration and are not 
intended to be exhaustive or limiting. Many variations 
and modifications are possible in light of the foregoing 
leaching. The system is limited only by the following 
claims. 

Claims 

1 A clocking system for clocking a digital display in a 
multiple concurrent display system, the digital dis- 
play having a digital display scan size and receiving 
pixel data signals and raster-scan timings for a dif- 
ferent display having a scan size smaller than the 
digital display scan size, thereby resulting in an 
image rendering period, horizontal and vertical 
blanking periods, and potentially unaddressed hori- 
zontal and vertical regions, comprising: 

a line clock system for generating normal line 
clock pulses to the digital display during the 
image rendering period and for generating fast 
line clock pulses to the digital display dur.ng the 
vertical blanking period to address the other- 
wise unaddressed vertical region; and 

a pixel clock system for generating normal pixel 
clock pulses to the digital display during the 
image rendering period and for generating fast 
pixel clock pulses to the digital display dur.ng 
the horizontal and vertical blanking periods to 
address the otherwise unaddressed horizontal 
and vertical regions. 

2. The clocking system of claim 1 in a graphics con- 
troller. 

3. The clocking system of claim 1 wherein the digital 45 
display comprises a liquid crystal display. 

4. The clocking system of claim 1 wherein the different 
display comprises a cathode ray tube. ^ 

5. The clocking system of claim 1 wherein the different 
display comprises a television. 

6. The clocking system of claim 1 wherein the line 
clock system comprises: ^ 

a first line clock for generating the normal line 
clock pulses; 



20 
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a fast line clock for generating the fast line clock 
pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal line clock pulses 
from the first line clock, a second input terminal 
connected to receive the fast line clock pulses 
from the fast line clock, an output terminal con- 
nected to the digital display, and a control ter- 
minal which enables the norma! line clock 
pulses to pass to the output terminal dur.ng the 
image rendering period and enables the fast 
line clock pulses to pass to the output terminal 
during the vertical blanking period. 

-me clocking system of claim 1 wherein the pixel 
clock system comprises: 

a first pixel clock for generating the normal pixel 
clock pulses; 

a fast pixel clock for generating the fast pixel 
clock pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal pixel clock pulses 
from the first pixel clock, a second input termi- 
nal connected to receive the fast pixel clock 
pulses from the fast pixel clock, an output ter- 
minal connected to the digital display, and a 
control terminal at which application of a select 
signal enables the normal pixel clock pulses to 
pass to the output terminal during the image 
rendering period and enables the fast pixel 
clock pulses to pass to the output terminal dur- 
ing the horizontal and vertical blanking periods. 

The clocking system of claim 1 , wherein the digital 
display is an N-pixel-by-M-line display, the different 
display is an A-pixel-by-B-line display with an image 
size of C pixels by D lines, the system handles only 
one pixel per pixel clock pulse, and the speeds of 
the fast line clock and of the fast pixel clock are 
computed according to the equations 

(N-C)*T HF <;(A-C)*T HC ; 

T VF *N-T HF ;and 

(M-D)*T VF <:(B-D)*T VC 

where T HF »s the period of a fast pixel clock, T HC * 
the period of a normal pixel clock. T VF is the period 
of a fast line clock and T vc is the period of a normal 
line clock. 

9 The clocking system of claim 1. wherein the 
number of fast line pulses is computed by subtract- 
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■no the vertical dimension of the image from the dig- 
ital display scan size vertical dimens.on. and 
wherein the number of fast pixel pulses is computed 
by subtracting the horizontal dimens.on of the 
image from the digital display scan size hor.zontal 
dimension. 

10. A concurrent multiple display system comprising: 

a digital display having a digital display scan 
size and receiving raster-scan timings for a dif- 
ferent display having a scan size smaller than 
the digital display scan size, thereby result.ng 
in an image rendering period, horizontal and 
vertical blanking periods, and potentially unad- is 
dressed horizontal and vertical regions; 

a line clock system for generating normal line 
clock pulses to the digital display during the 
image rendering period and for generating fast 
line clock pulses to the digital display during the 
vertical blanking period to address the other- 
wise unaddressed vertical region; and 

a pixel clock system for generating normal pixel 
clock pulses to the digital display during the 
image rendering period and for generating fast 
pixel clock pulses to the digital display during 
the horizontal and vertical blanking periods to 
address the otherwise unaddressed horizontal 
and vertical regions. 

11. The system of claim 10 in a graphics controller. 

12. The system of claim 10 wherein the digital display 
comprises a liquid crystal display. 

1 3. The system of claim 1 0 wherein the different display 
comprises a cathode ray tube. 

14. The system of claim 1 0 wherein the different display 
comprises a television. 

15. The system of claim 10 wherein the line clock sys- 
tem comprises: 

a first line clock for generating the normal line 
clock pulses; 

a fast line clock for generating the fast line clock 
pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal line clock pulses 
trom the first line clock, a second input terminal 
connected to receive the fast line clock pulses 
from the fast line clock, an output terminal con- 
nected to the digital display, and a control ter- 
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minal at which application of a select signal 
enables the normal line clock pulses to pass to 
the output terminal during the image rendering 
period and enables the fast line clock pulses to 
pass to the output terminal during the vertical 
blanking period. 

1 6. The system of daim 1 0 wherein the pixel clock sys- 
tem comprises: 

a f irst pixel clock for generating the normal pixel 
clock pulses; 

a fast pixel clock for generating the fast pixel 
clock pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal pixel clock pulses 
from the first pixel clock, a second input termi- 
nal connected to receive the fast pixel dock 
pulses from the fast pixel clock, an output ter- 
minal conneded to the digital display, and a 
control terminal at which application of a select 
signal enables the normal pixel clock pulses to 
oass to the output terminal during the image 
rendering period and enables the fast pixel 
clock pulses to pass to the output terminal dur- 
ing the horizontal and vertical blanking periods. 

17 The system of claim 10, wherein the digital display 
is an N-pixe.-by-M-line display, the different display 
is an A-pixel-by-B-line display with an image size ol 
C pixels by D lines, the system handles only one 
pixel per pixel clock pulse, and the speeds «l the 
fast line clock and of the fast pixel clock are com- 
puted according to the equations 



(N-C)*T HF £ (A-C)*T HC ; 



' VF 



S N*T HF .and 
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(M-D)*T VF £(B-D)-T VC 

where T HF is the period of a fast pixel clock. T HC is 
me period of a normal pixel clock. T VF is the period 
of a fast line clock and T vc is the period of a normal 
line clock. 

The system of claim 10. wherein the number of fast 
line pulses is computed by subtracting the vertical 
dimension of the image from the digital display scan 
size vertical dimension, and the number of fast pixel 
pulses is computed by subtracting the hor.zontal 
dimension of the image from the digital display scan 
size horizontal dimension. 

19. In a multiple concurrent display system, a method 
for controlling a digital display having a digital d.s- 
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play scan size, comprising the steps of: 



EP 0 831 452 A2 14 

24. The method of claim 19 wherein the pixel clock sys- 
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receiving raster-scan timings for a different dis- 
play having a scan size smaller than the digital 
display scan size; 

applying a frame pulse to the digital display for 
instructing the digital display to initiate render- 
ing an image, thereby resulting in an .mage 
rendering period, horizontal and vertical blank- 
ing periods, and potentially unaddressed hori- 
zontal and vertical regions; 

applying to the digital display by a line clock 
system normal line clock pulses during the 
image rendering period and fast line clock 
pulses during the vertical blanking period for 
addressing the otherwise unaddressed vertical 
region; and 

applying to the digital display by a pixel clock 
system normal pixel clock pulses during the 
image rendering period and fast pixel clock 
pulses during the horizontal and vertical blank- 
ing periods for addressing the otherwise unad- 
dressed horizontal and vertical regions. 

20. The method of claim 19 wherein the digital display 
comprises a liquid crystal display. 

21. The method of claim 19 wherein the different dis- 
play comprises a cathode ray tube. 

22. The method of daim 19 wherein the different dis- 
play comprises a television. 

23. The method of claim 1 9. wherein the line clock sys- 
tem comprises: 

a first line clock for generating the normal line 
clock pulses; 

a fast line clock for generating the fast line clock 
pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal line clock pulses 
from the first line clock, a second input terminal 
connected to receive the fast line clock pulses 
from the fast line clock, an output terminal con- 
nected to the digital display, and a control ter- 
minal at which application of a select signal 
enables the normal line clock pulses to pass to 
the output terminal during the image rendering 
period and enables the fast line clock pulses to 
pass to the output terminal during the vertical 
blanking period. 
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tern comprises: 

a first pixel clock for generating the normal pixel 
clock pulses; 

a fast pixel clock for generating the fast pixel 
clock pulses; and 

a multiplexer having a first input terminal con- 
nected to receive the normal pixel clock pulses 
from the first pixel clock, a second input termi- 
nal connected to receive the fast pixel clock 
pulses from the fast pixel clock, an output ter- 
minal connected to the digital display, and a 
control terminal at which application of a select 
signal enables the normal pixel clock pulses to 
pass to the output terminal during the image 
rendering period and enables the fast pixel 
clock pulses to pass to the output terminal dur- 
ing the horizontal and vertical blanking periods. 

25 The method of claim 19. wherein the digital display 
" is an N-pixel-by-M-line display, the different display 
is an A-pixel-by-B-line display with an image size of 
C pixels by D lines, the system handles only one 
pixel per pixel clock pulse, and wherein the speeds 
of the fast line clock and of the fast pixel clock are 
computed according to the equations 

(N-C)*T HF £(A-C)*T HC ; 

T VF *N*T HF ;and 

(M-D)*T VF ^(B-D)*T VC 

where T HF is the period of a fast pixel clock. T HC 'S 
the period of a normal pixel clock. T VF is the period 
of a fast line clock and T vc is the period of a normal 
line clock. 

26 The method of claim 19, wherein the number of fast 
line pulses is computed by subtracting the vertical 
dimension of the image from the digital display scan 
size vertical dimension, and wherein the number of 
fast pixel pulses is computed by subtracting the hor- 
izontal dimension of the image from the digital dis- 
play scan size horizontal dimension. 
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